In this paper we test one of the mechanisms proposed to explain the intensities and other observed properties of the solar helium spectrum, and in particular of its Extreme-Ultraviolet (EUV) resonance lines. The so-called Photoionisation-Recombination (P-R) mechanism involves photoionisation of helium atoms and ions by EUV coronal radiation, followed by recombination cascades.
flux obtained with the two CDS spectrometers on board SOHO, in quiescent solar regions. W_e were able to obtain an essentially complete estimate of the total photoionising flux in the wavelength range below 504 /_ (the photoionisation threshold for He I), as well as simultaneous measurements with the same instruments of the intensities of the strongest EUV helium lines: He n ),304, He I 3,584, and He I _,537. We find that there are not enough EUV photons to account for the observed helium line intensities.
More specifically, we conclude thatHe n intensities cannot be explained by the P-R mechanism. Our results, however, leave open the possibility that the He ! spectrum could be formed by the P-R mechanism, with the He _[ ),304 line as a significant photoionisating source.
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A good review of the overall problem prior to the 1990's is found in Zirin (1988 A good review of the aIternative viewpoint, coilisional excitation, in the same pre-1990s timeffame, was given by Athay (1988) .
In addition, C. Jordan (1975 Jordan ( , 1980 (1975) .
In applying this methodology, it is important to stress that more than one formation mechanism may be at work in different regions of the atmosphere. Also, because of the large difference in optical thickness between the resonance lines and subordinate lines, the latter may easily be produced by the P-R process, even if the former are produced largely, or at least partly, by collisional exci-
tation. An in-depth discussion of these issues, in the case of the He[ spectrum, can be found in Andretta (1994) and Andretta & Jones (1997) .
In any case, we emphasise that the question whether the P-R mechanism is dominant or not in the solar atmo- Fig. 2 and App. A, where a more formal derivation of Eq. 1 is discussed.
Some notes and caveats
It is important to note that the derivation of Eq. I rests on the assumption that the absorbing medium is not embedded in the source of photoionising radiation (so that we can evaluate "incoming" and "outgoing" fluxes at surface given the steep dependence on wavelength of its emissiv-iV for the temperatures we are considering, this effect is negligible.
Thus, if we restrict our treatment to He + ions only, we can treat tie°atoms as another "background" absorber ("sink" of photons), exactly in the same fashion as we dealt with hydrogen.
In other words, if we make the approximation that there is no pumping of the He II resonance transitions by the He I continuum -but still allowing the reverse process, i. e. photoionisation
of He ] by He n radiation -we obtain:
The upper limit to He n emission given in the latter inequality, together with the upper limit to the total He emission of Eq. 1, is the basis for the observational test on the "pure P-R" scenario we are about to describe.
The observational test
The null hypothesis we want to test, as stated in See. 2.1, is that the P-IZ mechanism is the only process producing the observed He emission in the quiet solar atmosphere.
From an observational point of view, then, Eqs. 1 and 2
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Wavelength coverage
The wavelength coverage of the Grazing Incidence Spectrometer (GIS) is sufficiently ample-covering most of the range 150-490 i with its first three bands ( Fig. 1 (Fig. 3) . The data from I1 May are similar to the data taken on 10 May, except for a rather persistent brightening crossing the middle of the GIS FOV. \Ve will briefly discuss intensities from this feature in Sec. 3.4.
Data analysis
Standard corrections were applied to the raw NIS data. isolated lines, and the intensities of the lines producing them can be reconstructed.
We have followed the method Fig. 4 have been constructed and inspected in order to judge the time variabi]ity and the presence of brightenings.
In particular, for each NIS raster, the FOV of the area precedently (or subsequently) observed by GIS has been considered (see Fig. 4 ), taking into account solar rotation.
A tempting approach to the use of the series of rasters . 4 ).
For each GIS and NIS raster belonging to a daily observing sequence one average spectrum representing the co-spatial region has been computed. Count rates in the NIS and GIS lines were then obtMned with a multiple line profile fitting and removal of a background (see Haugan 1997) . Errors on the line intensities were estimated from the errors of the line fitting parameters. Fig. 5 shows the 
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First,wehave verified thatin allcases thelineintensitiesobserved by GISwere consistent (withina 20%or so)withthosemeasured by N'IS. Thisincluded all the transition region lines (e.g.0 z_I, 0 v) observed byboth instruments, andfurther confirmed thevalidity ofmerging theaveraged GISandNISdata.
Second, wehave verified thatthecomputed lineintensitiesofthebrightest lines in themissing ranges were in agreement (within1070) withthemeasured values. When linesemitted by thesame ionareconsidered, excelient agreement isfound, asalready shown in DelZanna etal. (2001) . In theother cases, differences arefound, butcan beexplained interms ofuncertainty intheionization fractions. Considering the missing ranges, a better agreement between theory and observations was found with the use of the old collisional ionization equilibrium computations of Arnaud & Rothenfiug (1985) , compared to the most recent ones by Mazzotta et al. (1998) . We therefore adopted the Arnaud & Rothenflug (1985) )._=cos8
EIT 304 [ 7-May-1997 13:18:41] (w = 0.59 is the plasma mean molecular weight, rnH is the mass of the hydrogen atom, and gQ is the solar surface gravity). Assuming an optically thin plasma, and thus from simple geometrical considerations, the resulting intensities integrated along the line of sight are:
In Eq. 6 we used the "nominal" temperature of the filter, while the proportionality constant has been determined for each image by minimising the weighted X2.
In the case of the EIT171 filter, shown in Fig. 7 , the simple isothermal model given by Eq. 6 seems to give an adequate representation of the "average" properties of the on-disk quiet corona, at least for the purpose of justifying its use in Eq. 5. The results for the other two coronal bands, not shown here, are not too dissimilar, despite their filter temperature response being much less accurately represented by an isothermal approximation.
The correction factors given by inserting Eq. 6 in Eq. 5 are only weakly dependent on the assumed value of H(T).
We adopt here as a representative temperature of the lines in the GIS range the value T = 1.0 x 10 _ K, obtained from an intensity-weighte d average of the temperatures of observed GIS lines. The correction factors corresponding to /_¢ = 0.64 and /z_ = 0.66 are, respectively, fcl = 1.06 and 1.09.
In the case of the EIT 304 band, we compared the center-to-limb variation shown in Fig. 7 with the dependence found by Mango et at. (1978) : with a = 0.31 for the Hen A304 in the the quiet Sun (again, the scale factor has been found by fitting the data).
For the tie1 A584 and He I 3,537, Mango et al. (1978) give a --0.10 and a = 0.47, respectively. In fact, at # = 2/3, we would have fc: = 1 regardless of the value of a. Therefore, any contamination due to the Si xI ),303 line both in the Skylab data analysed by Mango et al. (1978) 
Resu/ts
Conclusions
The results presented in this paper indicate quite dearly that the excitation of the EUV helium spectrum in the quiescent solar atmosphere cannot be explained solely by a simple photoionisation-recombination process induced by coronal emission -the so-called P-R mechanism. More specifically, the observed coronal EUV flux cannot explain the formation of the He II A304 via the P-R mechanism.
We consider this conclusion quite robust, given the min- Moreover, the hypothesis we have tested is that the P-R mechanism is the dominant mechanism in the formation of the He spectrum. The fact that this hypothesis has been rejected does not exclude that the P-R mechanism could give a significant contribution to the total intensities of the He EUV lines. We thank the staff of NASA's National Space Science Data Center for their support in obtaining the Fortran routines used to compute low-energy X-ray metal cross-sections shown in Fig. 1 
